• Clinical observation indicates that when a high pressure load is present in the right ventricle from birth, it is sustained better than when it develops later in life, at which time heart failure appears with more moderate pressures. The experiments of Visscher 1 and clinical observations in aortic stenosis indicate that the ability of a ventricle to maintain an increased pressure is dependent upon the coronary blood supply. Gregg et al. 2 and Love and O'Meallie 3 have shown that coronary blood flow to the right ventricle increases as much as 200% in response to acute right ventricular pressure loads, although experiments by other authors 4 -" have failed to show a significant rise in blood flow to the right ventricle in acute experiments.
Preliminary experiments in this laboratory have shown that the diameter of the right coronary artery increases in response to a chronic pressure load in newborn animals. The object of the present investigation was to compare coronary vascular development in response to a chronic pressure load in newborn and in adult animals.
Methods

A catheter was introduced percutaneously into
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the external jugular vein and advanced into the right ventricle to measure pressure. Under nitrous oxide, oxygen and halothane (Fluothane) anesthesia a left thoracotomy was performed through the fourth intercostal space. A pressure load was applied to the right ventricle by using a double band of umbilical tape to constrict the main pulmonary artery until the systolic pressure in the right ventricle was approximately twice to three times the initial level. This operation was done in five of ten lambs within 48 hours of birth and also in five of ten adult sheep. After three months, right heart catheterizations were performed without sedation for pressure measurements after which the animals were sacrificed. Postmortem coronary angiographs were made by injecting warm barium sulphate in gelatine suspension into the aorta at the pressure measured during life, which was within normal limits (100 to 130 mm Hg systolic) in all animals. The gelatine suspension was allowed to cool while pressure was maintained and the hearts were dissected to unfold the ventricular walls and septum. Radiographs were made by laying the specimen directly on X-ray plates with a tube distance of five feet. By this arrangement no significant distortion or magnification of the image occurred. From the radiographs, using a micrometer eyepiece, the diameters of the anterior descending and circumflex branches of the left coronary artery and the diameter of the right coronary artery were measured at a point in their course 1 cm from their origins. This site was chosen to avoid the abrupt variations in lumen which were often present near the coronary ostia. The cross-sectional areas of the arterial lumina were then calculated from these measurements.
The hearts were stripped of fat, valves and atria and were divided so that the free wall of the right ventricle could be weighed separately from the left ventricle and septum.
Results
RIGHT VENTRICULAR PRESSURES
The results in creased cardiac output that accompanies rapid growth. Figure 1 shows a pressure tracing in a young animal from the pulmonary artery (left) distal to the constriction, and (right) the pressure as the catheter was pulled back into the right ventricle.
In the adult animals the right ventricular systolic pressures remained between 40 and 76 mm Hg, similar to the levels produced at operation three months before. These were the maximum right ventricular systolic pres- sures that could be produced without causing a rise in the end diastolic pressure. Figure  2 illustrates the effect of severe constriction of the main pulmonary artery on right ventricular pressures in an adult animal. Each arrow represents an increase in the constriction of the artery. The last of these is associated with a rise in the end diastolic pressure in the right ventricle which is clearly seen in the tracing recorded at a more rapid paper speed in the center of the figure and is followed by a reduction of systolic pressure, shown on the right of the figure.
POSTMORTEM STUDIES Ventricular Weights
The hearts were dissected as mentioned in Methods, so that the right ventricular weight refers to the weight of the free wall of the right ventricle separated from the septum, which was included in the left ventricular weight." There were no significant differences between body weights or the left ventricular weights in the comparable operated and control groups.
The average right/left ventricular weight ratio was 0.73 for the young operated animals compared with 0.38 for the control group. The average ratios in adult animals were 0.45 for the operated group and 0.31 for the control group. This represents an increase of 93% for the young animals compared with 45% for the adults. These results, indicating significant hypertrophy of the right ventricle following constriction of the pulmonary artery, are supported by the work of Gluck et al. 7 who showed that an increase in the ribonucleic acid/desoxyribonucleic acid ratio occurs following a similar procedure in puppies.
Coronary Arteries
A significant (P > 0.01) increase was found in the ratios of the calculated crosssectional areas of the right/left coronary arteries in the operated animals compared to 
Postmortem angiograms of young animals. Increase of right coronary artery with right ventricular hypertrophy. Right ventricle is on the right of figures showing increase in diameter of right coronary artery in operated animal (above), compared with control animal (below).
the controls. This was apparent immediately on inspection of the ventricular radiographs of the young animals. Figure 3 shows the angiogram of an operated lamb (right ventricle to the right of figure) compared with that of a control. Inspection of similar angiograms of the adults ( fig. 4) young animals the average ratio of calculated areas was 0.45 for the operated and 0.21 for the control group.
Discussion
The technique of the injection allows comparison between right and left coronary artery diameters. However, because a variable degree of filling and run off through the capillaries and veins occurs during the time the gelatine suspension is setting, variable distension of the injected arteries is present and heart weight (RV/T) which has been employed in some work on right ventricular hypertrophy, because the presence of the RV weight in both numerator and denominator has the effect of making the RV/T ratio nonlinear with respect to RV weight even when LV is constant. This would add complications to the analysis of the data. The "two ranks" test of Wilcoxon 8 and White" was applied to the data and this indicates that the ratio of right to left coronary arterial cross-sectional areas and the ratio of right to left ventricular weights in the operated animals, both young and adult, are significantly higher (P<0.01) than those of the controls. The graph of coronary artery ratios against ratios of ventricular weights ( fig. 5) suggests that there is a correlation between these, but since a random distribution cannot be assumed for these ratios, the calculation of a correlation coefficient is not applicable.
Harrison and Wood 10 in their study of adult human autopsy material produced a graph indicating the linear relationship between total cross-sectional areas of the main coronary arteries and the total heart weight. The present study indicates that, in both young and adult animals, the diameter of the coronary arteries increases with ventricular hypertrophy. This suggests that the increase of vessel size in animals of both age groups is related similarly to the increase of ventricular muscle mass.
The stimulus to hypertrophy is probably related to the tension-time index in the ventricular wall.
11
-1L> The application of Laplace's law relating pressure, radius of curvature of ventricular wall, and wall tension indicates that the tension in the ventricular wall will be greater for a given pressure in the larger adult ventricle.
18
" 15 Therefore it is to be expected that the adult animal would show a definitely greater increase in right ventricular weight for a given pressure increase than would the newborn animal. However, in this study, the newborn animals had an average increase of ventricular weight ratio of approximately 93% in response to an average increase in pressure of 86 mm Hg, whereas the adults had an average gain of 45% in response to an excess load of 40 mm Hg. Therefore the newborn animal probably had a greater response to the stimulus of increased ventricular wall tension, in terms of muscle mass gain than did the adults.
Summary
Pressure loads were applied to the right ventricles of newborn lambs and adult sheep by surgical narrowing of the lumen of the main pulmonary artery. Significant increases in right ventricular weight and in the diameter of the right coronary artery occurred in both age groups of animals, compared with corresponding control animals. The evidence suggests that the degree of increase in the arterial diameters, relative to the increase in ventricular muscle mass, is similar in both newborn and adult animals. However, the results suggest also that the capacity to respond to pressure loads, in terms of increased muscle mass, is relatively greater in the newborn animals than in the adults.
